THE broad differences between the types of synthesis that occur in three important sources of natural fats, the seed kernel, the fruit pulp and the animal tissues, were discussed in a previous communication [Coflin and Hilditch, 1929], where it was suggested that, whilst the syntheses in the fruit pulp and animal tissues were very similar as far as the manner in which the available fatty acids were arranged as glycerides, the kernel synthesis evidently proceeded in a rather different way, and kernel fats were thereby endowed with a characteristic structure. It was inferred from a consideration of the association ratios (the measure of the degree of dispersion of the unsaturated acid throughout the fat) of the various kernel fats studied, that their structure depends essentially upon an unusually thorough dispersion of the fatty acids among the completed glyceride molecules. Evidence of such a structure was given by all the kernel fats examined with the exception of a sample of the commercially expressed oil of laurel (Laurus nobilis). Although this sample was expected to contain a certain amount of pulp fat and therefore to show some irregularity, the structure it actually disclosed was so anomalous that specimens of the true laurel kernel and laurel pulp fat from Laurus nobilis berries were prepared in these laboratories and analysed by similar methods for further and more reliable information.
saturated-unsaturated glycerides with an average association ratio of 1-4: 1 continues until all the unsaturated acids are accounted for and the surplus saturated acids appear as fully saturated glycerides.
The mixture of fatty acids in the laurel kernel fat now studied had the following composition (excluding unsaponifiable): lauric 43x1 %, palmitic 6-2 %, oleic 32-3 %, linoleic 18-4 %. The molecular ratio of saturated to unsaturated acid in this mixture is very near the critical value of 1-4: 1 and hence is ideally adjusted for complete conversion into mixed saturated-unsaturated glycerides with formation of no, or at the most of insignificant amounts of, fully saturated material. Actually, however, the kernel fat contains about 36 % of saturated glycerides, and here obviously the more usual mechanism of kernel fat synthesis has not been in operation. The composition of the fatty acid mixture from the saturated glycerides (lauric 95.5 %, palmitic 4-5 %) shows, moreover, that trilaurin is the predominant constituent to the extent of about 90 % of the whole; and it may be recalled that B6mer and Ebach [1928] were also able to isolate about 30 % of trilaurin from laurel oil by direct crystallisation. It should also be emphasised, in view of what follows, that although the saturated portion of the fat is so rich in lauric glycerides the remainder contains only about a quarter of the total lauric acid present in the fat. A further difficulty is provided by the behaviour of the unsaturated acids. The limiting values for the content of tri-unsaturated glycerides can be calculated from the association ratio of the mixed saturated-unsaturated (and tri-unsaturated) glycerides and must lie between 6 and 31 %. If the heterogeneity observed in the saturated acids extended to the unsaturated acids, as was expected, then the true value would approach the higher limit. In attempting to trace such a correspondence, a part of the fat was hydrogenated as completely as possible (thus transforming all the tri-unsaturated constituents to tristearin) and fractionally crystallised from ether. Although such a method is not strictly quantitative, tristearin is so insoluble in cold ether that it may be isolated fairly completely; in this case the amount of tristearin found was small enough to justify the conclusion that the true value for the tri-unsaturated content approaches the minimum. Thus the unsaturated acids show no tendency to link up with each other after the example of the saturated acids, but distribute themselves in the characteristic way among the residual palmitic and lauric acids left over from the abnormal saturated glyceride formation.
It is difficult to reconcile the behaviour of the two groups of acids without concluding either that they were in different parts of the seed at the time of their conversion into glycerides, or that they arrived in the seed over different periods. The latter suggestion not only covers the behaviour of the acids but also offers some explanation of the peculiar glyceride structure of the fat; for, assuming that the bulk of the lauric acid appears alone in the kernel during the early stages of ripening, then trilaurin alone would be synthesised until, as the ripening proceeded, the appearance of the unsaturated acids and the rest of the lauric acid would allow the kernel to resume the normal mixed glyceride synthesis, without however affecting the trilaurin already formed. Palmitic, the other saturated acid, would appear from the experimental data to have spread itself over the whole process, reaching its greatest concentration in the second stage of the synthesis along with the unsaturated acids.
A stepwise construction of the fat on these lines would therefore readily account for its structural divergence from the ordinary kernel fat.
EXPERIMENTAL.
The outer pulp was removed without difficulty from the laurel berries leaving a cleanly separated kernel; both pulp and kernels were steeped in acetone to dry and to remove eexcess fat, ground to a meal, extracted with ether in a Soxhlet and the fat combined with the acetone extract. The berries yielded 70 % kernel (fat content 14 %) and 30 % pulp (fat content 37 %); or, calculated on the original weight of berries, 10-1 % kernel fat and 11-2 % pulp fat.
The kernel fat was solid and light brown in colour. The pulp fat was a dark green liquid, which on long standing deposited small nodules of solid. They possessed the following characteristics:
Kernel fat Pulp fat Sap. equiv.
257-4 285-7
Iodine value 84-0 113-1
The preliminary treatment of each fat followed the same course. They were saponified with 10 % alcoholic potash for 6 hours and the liberated acids separated into "liquid" and "solid" acids by a modification of the Twitchell process. In each case, also, before esterification the "solid" and "liquid" acids were reconverted to soap by the addition of excess of alcoholic potash and the unsaponifiable material removed by repeated extraction with ether. The methyl esters of the purified " solid " and " liquid " acids were prepared and fractionally distilled in the usual manner, and the analytical data thus obtained are summarised below.
Laurel kernel fat. The preponderance of lauric acid in the fully saturated portion and of palmitic acid in the rest of the fat may be noted. From the figures in the final column it appears that the "association ratio" in the mixed glycerides is about 0-4 mol. saturated acids per mol. of unsaturated acids. Consequently, of 100 parts by weight of the original kernel fat (containing 22 % non-fatty matter), 26-6 parts consist of fully saturated glycerides as described, whilst about 6-31 parts are tri-unsaturated glycerides, according as the amount of mono-unsaturated-disaturated glycerides lies between nil and 20, and that of di-unsaturated-monosaturated glycerides between 45 and nil.
Tristearin content of the hydrogenated fat. The original kernel fat (40 g.) was hydrogenated repeatedly with 5 g. nickel catalyst until the iodine value fell to 14. Great difficulty was experienced in attaining even this degree of saturation, probably because the large amount of non-fatty matter was either toxic to the catalyst or was itself difficult to hydrogenate; the residual iodine value is almost certainly to be attributed to the non-fatty constituents. The tri-unsaturated glycerides being thus converted to tristearin, the mixture (39-4 g.) was fractionally crystallised from ether. Laurel pulp fat. 100-5 g. of the pulp fat yielded 2-7 g. of saturated material (sap. equiv. 267.5). This corresponds with a fully saturated glyceride content of approximately 3 % on the glycerides present in the pulp fat.
The saturated compounds gave on hydrolysis fatty acids which, after removal of unsaponifiable matter, possessed an equivalent of 255-6 and a melting-point of 60-62°(unaltered on admixture with pure palmitic acid); the glyceride present was thus substantially tripalmitin.
The proportion of fully saturated glycerides, although small, is thus quite well defined, and it is interesting to observe that it is coincident with that of the corresponding synthetic triglyceride mixture as indicated by the graph correlating the proportion of fully saturated glycerides with the proportions of saturated and unsaturated acids in the mixed fatty acids of a synthetic triglyceride [Bhattacharya and Hilditch, 1930] . In common with other fruit pulp fats and with animal tissue fats, therefore, the glyceride structure of laurel pulp fat is closely similar to that of the corresponding synthetic mixed triglycerides.
In conclusion the author wishes to thank Professor T. P. Hilditch for his advice and encouragement during the investigation.
